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Abstract. The measurementsof W charge asymmetryandZ rapidity distributionsare inputs to
constrainthepartondistributionfunctionsathighQ2. TheCDFandDØ experimentsat theTevatron
have analyzedup to 340 pb

� 1 of Run2 datato measuretheW chargeasymmetryandZ rapidity.
Themeasurementsarein generallygoodagreementwith predictions.
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INTRODUCTION

TheW andZ bosonsareprimarily producedby a quarkandanti-quarkannihilationin
pp̄ collisionsat theTevatron.Many precisionmeasurementsat theTevatronarelimited
by the uncertaintieson the partondistribution functions(PDFs).Theseincludethe W
mass,crosssection,transversemomentumdistributionsof W andZ bosons,andsoon.
For theW massmeasurementin theCDFexperiment,thecurrentsystematicuncertainty
from PDFuncertaintiesis about15MeV/c2 [1] andwill becomemoresignificantasdata
accumulated.

Themeasurementof theW chargeasymmetryprovidesinput to theratio of u andd
quarkcomponentsof PDFs,especiallyat themedium/highx. In thepp̄ � Z process,the
momentumfractionof a partonis relatedto theZ rapidity (y)1. Analysisof thehigh y
regionprobesthePDFsat bothhighandlow momentumfraction.

W ASYMMETRY MEASUREMENT

TheW
�

(W � ) bosonsat theTevatronareproducedprimarily by theannihilationof u
�
d �

quarksin the proton and d̄
�
ū � quarksin the anti-proton.Becauseu quarkscarry, on

average,more momentumthan d quarks,the W
�

tend to follow the direction of the
incomingprotonandtheW � thatof theanti-proton.

TheW � chargeasymmetry

A
�
yW ��� dσ �
	 dyW � dσ � 	 dyW

dσ � 	 dyW � dσ � 	 dyW 
(1)

wherethe subscript(+,-) denotesthe charge of theW andyW is the rapidity of theW
bosonsis asensitiveprobeof themomentumfractiondifferencebetweenu andd quarks

1 y = 1
2 ln � E � Pz �

� E � Pz �



in theQ2 � M2
W region.A precisemeasurementof theW asymmetryservesasavaluable

constrainton the u andd quarkmomentumdistributions.For pp̄ collisionsin leading-
orderpartonmodel,A

�
yW � is givenapproximatelyby

A
�
yW � � u

�
x1 � d

�
x2 � � d

�
x1 � u

�
x2 �

u
�
x1 � d

�
x2 � � d

�
x1 � u

�
x2 � 

(2)

wherex1 � 2 � x0e � yW , x0 � MW
	�� s, ands is thecenterof massenergy. Theasymmetry,

A
�
yW � , is relatedto the slopeof d/u at Q2 = M2

W and in the moderatex region of W
production.

Therapidity of theW bosonis not measuredbecausethelongitudinalmomentumof
the neutrinocannot be experimentallydetermined.Therefore,we measurethe lepton
asymmetry, which is a convolution of theW productionchargeasymmetryandtheV-A
couplingsin theW decay. Theleptonasymmetryis still sensitiveto PDFsandis defined
as:

A
�
yl ���

dσ � 	 dyl � dσ � 	 dyl

dσ � 	 dyl � dσ � 	 dyl �
(3)

TheCDFexperimentmeasuredtheforward-backwardchargeasymmetryof electrons
from W bosondecaysin pp̄ collisionsat � s = 1.96 TeV usinga datasampleof 170
pb � 1 of Run 2 data[2]. CandidateW � eν eventswererequiredto have exactly one
electroncandidateof ET > 25 GeV, with 	ET >25 GeV andtransversemassin therange
50GeV/c2 < MT < 100GeV/c2.

The CDF experimentimproved its sensitivity to the PDFsby reducingthe decay
asymmetry. Themeasurementseparatestheasymmetrymeasurementinto two bins:25
GeV < ET < 35 GeV and35 GeV < ET < 45 GeV (Figure1 and 2). This is donefor
the first time andthe separationinto differentbins is a novel additionto the previous
measurements.Predictionsfrom CTEQ[3] andMRST [4] PDFsusinga NLO RESBOS

calculation[5] areshown for comparison.
The CDF Collaborationis additionallydevelopinga new methodto measurethe W

asymmetrydirectlyby partially reconstructingW rapidityusinga W mass.

Z RAPIDITY DISTRIBUTION

Measurementof therapidity distribution of Drell-Yanpairsin theZ bosonmassregion
provides a stringent test of PDFs. At leading order (LO), the momentumfraction,
x � � x � � , carriedby the partonfrom the proton (anti-proton)is relatedto the rapidity
of theZ bosonvia theequation:

x � �
MZ
� s

e � y (4)

whereMZ is themassof Z boson.Thereforetheanalysisof thehigh y regionprobesthe
high x aswell aslow x region.

The DØ experimentmeasuresthe rapidity distribution, dσ 	 dy, of the Drell-Yan
processin thedielectron’s massrangebetween71 and111GeV/c2 [6]. Thedatawere
collectedwith theDØ detectorin Tevatronpp̄ collisionsat � s = 1.96TeV usinga data
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FIGURE 1. Themeasuredleptonchargeasymmetryfor 25GeV < ET < 35 GeVwith predictionsfrom
CTEQ6.1M(solid) andMRST02(dashed)PDFsusinga NLO RESBOS calculation.Both statisticaland
total (statistical+systematic)uncertaintiesareshown.

|    e�η�|0 0.5 1 1.5 2 2.5

C
or

re
ct

ed
 A

sy
m

m
et

ry

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5
 -1CDF-II, 170 pb

 < 45 GeV T
�35 < E

�

CTEQ6.1M
MRST02

NLO RESBOS (F. Landry, et al. Phys.Rev.D67:073016,2003)

FIGURE 2. Themeasuredleptonchargeasymmetryfor 35GeV < ET < 45 GeVwith predictionsfrom
CTEQ6.1M(solid) andMRST02(dashed)PDFsusinga NLO RESBOS calculation.Both statisticaland
total (statistical+systematic)uncertaintiesareshown.

sampleof 337pb � 1 of Run2 data.Thefinal result,with statisticalandsystematicerrors,
is shown in Figure3. Themeasurementof dσ 	 dy is comparedwith a predictionusing
anNNLO calculationbasedontheMRST2001PDFs[7]. TheDØ forwardcalorimeters
providedataoveralmosttheentirerapidity rangeaccessibleatTevatron.Measurements
arein generallygoodagreementwith theprediction.
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FIGURE 3. The DØ measurementof the Z rapidity distribution. The outererror barsshow the total
error(statistical+systematic),while theinnererrorbarsindicatethestatisticalerroralone.Thesolid line
shows theNNLO predictionbasedon theMRST 2001PDFs.

CONCLUSIONS

The CDF experimenthave measuredthe W charge asymmetry. Since the previous
measurementsuponwhich the currentpredictionsarebasedare leastconstrainingfor!
η
!
>1anddonotseparatetheET dependence,inclusionof thenew W asymmetryresults

will furtherconstrainfuturefits andimprove thepredictions.TheDØ measurementof
the Z rapidity distribution is in generallygoodagreementwith theoryprediction.We
expectthatTevatronZ andW measurementswill provide importantinput to constrain
thePDFs,especiallyin thehigh x region.
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